Experiment 9

COMPLEXOMETRIC ANALYSIS 

2 lab periods

Water hardness is often defined as the sum of the concentrations of Ca2+ and Mg2+ in water.  Since most waters contain more calcium than magnesium and since the calcium usually comes from the dissolution of calcium carbonate, water hardness is usually reported as milligrams of calcium carbonate per liter of solution. Both Ca2+ and Mg2+ can be determined by titration with ethylenediaminetetraacetic acid (EDTA) at pH 10.
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         Ethylenediaminetetraacetic Acid (EDTA, or H4Y)

If the EDTA molecule is represented as H4Y, where the four acidic hydrogen atoms are those at the “ends” of the molecule, then EDTA dissolved at pH l0 is approximately half in the form of HY3- and half in the form of Y4-.  The complexation reaction of EDTA with either Ca2+ or Mg2+ can therefore be represented in either of the following ways, where M2+ represents the metal ion.

M2+  +  HY3-   (   MY2-  +  H+
M2+  +  Y4-   (   MY2-  

Standard EDTA solutions can be prepared directly from either disodium EDTA (Na2H2Y) or disodium EDTA dihydrate  ((Na2H2Y.2H20).

The endpoints of EDTA titrations of Ca2+ and Mg2+ can be located with the  metallochromic indicator, Calmagite.  This indicator forms a red complex with either Ca2+ or Mg2+.  The uncomplexed indicator can exist in the ionic forms H2In-, HIn2-, and In3- (red, blue, orange, respectively).  At a pH in the range 8.1 - 12.4, the blue HIn2- form predominates, which is in equilibrium with the red MIn- when the metal M2+  is present.

M2+  + H2In-   (   MIn-  +  H+
(blue)        (red)

Before the endpoint of the titration, the solution is red because of the excess metal ion. As the EDTA titrant complexes more and more metal, the above equilibrium shifts to the left. At the endpoint the solution turns blue.

EDTA forms a more stable complex with calcium than with magnesium, and in solutions that contain both metals the calcium complex is formed first, and the magnesium complex second. At the endpoint, the indicator responds to the change in Mg2+ concentration. In such a titration, the two metals are therefore determined together. To determine each of them separately, we need to do an additional measurement that is selective for one of the two metals.  This can be done by raising the pH to 12, which precipitates the magnesium as its hydroxide:

Mg2+ +  2OH-    (    Mg(OH)2 (s)

The solid Mg(OH)2 is not titrated, but the Ca2+ still is. To perform this titration, Calcon, which retains color better at pH 12, is used as the indicator.  (Calcon is the sodium salt of Eriochrome Black R.)  The endpoint is less precise, however, so your estimate of Ca2+ in the water will not be as reliable as your estimate of the total Mg2+ and Ca2+ present.

The results of the first titration give the total moles of Mg2+ and Ca2+ in the sample. The second titration gives the moles of Ca2+ present in the sample. Obviously, the difference between the two results is the moles of Mg2+ present in the sample.

Prelaboratory Assignment

A 3.7145-g portion of disodium EDTA dihydrate (M.W. 372.24) was dissolved in enough distilled water to prepare 1.000 liter of solution. A 100.0-mL water sample was adjusted to pH 10 and titrated to the calmagite endpoint with 11.23 mL of the EDTA solution.  Then the pH of another 100.0-mL water sample was adjusted to pH 12 and titrated with EDTA (calcon indicator), 2.11 mL of titrant was required. Calculate the concentration of Mg2+ and Ca2+ in the water. Express your answers in mg/L of CaCO3 and MgCO3, respectively.

Apparatus

· 50-mL buret

· 3 250-mL Erlenmeyer flasks

· 10-mL graduated cylinder

· 100-mL pipet

· 500-mL volumetric flask

· weighing bottle

Chemicals
· pH 10 ammonia/ammonium chloride buffer - add 142 mL of 28% NH4OH solution to 17.5 g  NH4Cl and dilute to 250 mL with water.

· disodium EDTA dihydrate (analytical grade)

· Calmagite solution (0.05 g dissolved in 100 mL of water)

· Calcon solution (0.2 g dissolved in 50 mL of methanol)

· sodium hydroxide solution (0.1 M)

Procedure
A.  Calcium and Magnesium combined

1. 
Dry about 2.5 g of disodium EDTA dihydrate in the oven at 80(C for 1 hr.

2. 
While the EDTA is drying, collect a 600-mL water sample.

3. 
After the EDTA has dried, place it in a desiccator to cool to room temperature.

4. 
Weigh about 1.9 g of the cooled EDTA to the nearest 0.1 mg and place in a beaker. Dissolve in about 200 mL of distilled water. The dissolution occurs slowly and can be sped up by warming the solution. After the EDTA dissolves, quantitatively transfer the solution to a 500-mL volumetric flask. Fill the flask to just below the mark with distilled water. Wait at least 10 minutes for the solution to reach room temperature and fill the flask to the mark with distilled water.  Insert the stopper and shake to mix the solution thoroughly. 

5. 
Use a pipet (either 2 x 50.0 mL or 4 x 25.0 mL) to place 100.0 mL of the water sample in each of three 250-mL Erlenmeyer flasks. Add 5 drops of 3 M hydrochloric acid to each flask and gently boil the solution for about 5 min. Dissolved carbon dioxide is removed from the solutions during the boiling. The acid is added to convert dissolved carbonate to carbon dioxide.

6. 
Cool each solution to near room temperature. Dropwise add 0.1 M sodium hydroxide solution to each flask until the pH is 7 (use indicator paper).  The hydrochloric acid which was added in  step 5 is neutralized in this step.

7. 
Add 2 mL of pH 10 buffer and about 10-15 drops of calmagite indicator.  The solutions should be red.

8. 
Fill a 50-mL buret with the EDTA solution and use the solution to titrate each water sample to the endpoint. At the endpoint the titrate solution changes from red to blue. Record each endpoint volume to the nearest 0.01 mL.

B. Calcium only

9.
First carry out a blank titration by pipetting 100 mL of deionized water into a 250-mL Erlenmeyer flask. Then add 1 mL (use a graduated cylinder) of 0.5 M HCl and boil as in step 5.  Then add 10 mL of 0.2 M NaOH to each flask and swirl to mix well.

10. Cool, and add 5 drops of Calcon indicator solution to one of the flasks. Titrate to a blue endpoint. This is a difficult endpoint to see!

11.
Pipet 100.0 mL of water into each of three 250-mL Erlenmeyer flasks. Then add 1 mL (use a graduated cylinder) of 0.5 M HCl and boil as in step 5.  Then add 10 mL of 0.2 M NaOH to each flask and swirl to mix well.  Cool, and add 5 drops of Calcon indicator solution to one of the flasks. Titrate to the same end point as for your blank. 

12.
After reaching the endpoint, let the flask stand for 5 min, so that any Ca(OH)2 precipitate can redissolve.

13.
If the color has changed back from blue to purple, continue to titrate to a blue, permanent (5-10 min) endpoint. You may need to repeat this process.

14.
Repeat steps 11 through 13 with the other samples.

Calculations (use report form provided)

1.
Use the mass of the disodium EDTA dihydrate to calculate the concentration of the EDTA solution.

2.
Use the titration volumes to calculate the combined molarities of Ca2+ and Mg2+ in the 100-mL water samples.  Find the average molarity and the standard deviation.

3.
Determine the water hardness in each case. This is expressed as mg/L of CaCO3, where all Ca2+ and Mg2+ is treated as if it arose from CaCO3.

4. 
Use the titration volumes to calculate the molarity of Ca2+ and corresponding mg/L of CaCO3 in the 100-mL water samples. Find the average and the standard deviation.

5.
Now calculate the molarity of Mg2+ and corresponding mg/L of MgCO3 in each of the 100-mL water samples. Find the average and the standard deviation.

Questions
1.
You made a pH 10 buffer by combining 142 mL of 28% NH4OH with 17.5 g NH4Cl. What would have been the pH of the buffer if you had used twice the amount of NH4Cl?

1. Why shouldn’t you dry the disodium EDTA dihydrate at 120(C?

2. What is the chemical structure of Calcon?

3. What are the disadvantages of hard water?
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Name:  _____________________________

Complexometric Ca And Mg Analysis

Sampling site: __________________

Purpose

Results
Mass of Na2EDTA: _____________ g
Concentration:  _______________ M

CALCIUM & MAGNESIUM COMBINED (HARDNESS)

	Replicate
	            1
	              2
	              3

	EDTA Volume, mL
	
	
	

	[Ca2+ + Mg2+], M
	
	
	

	Hardness, expressed as mg/L of CaCO3
	
	
	


Average Hardness: _______________
Standard Deviation: _________

CALCIUM 

	Replicate
	            1
	              2
	              3

	EDTA Volume, mL
	
	
	

	[Ca2+],  M
	
	
	

	CaCO3, mg/L
	
	
	


Average [Ca2+], expressed as mg CaCO3/L: _______        Standard Deviation: _________
MAGNESIUM

	Replicate
	            1
	              2
	              3

	EDTA Volume, mL
	
	
	

	[Mg2+],  M
	
	
	

	MgCO3, mg/L
	
	
	


Average [Mg2+], expressed as mg MgCO3/L: _______        Standard Deviation: _________

